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Abstract

Translational regulation plays pivotal roles in mediating inflammatory responses. Glucocorticoids, represented in
this study by dexamethasone (DEX), are widely recognized anti-inflammatory agents that exert significant inhibitory
effects on the translation of diverse gene groups, including inflammatory genes. However, their regulation is highly
complex and diverse, involving transcriptional and translational regulation. Although transcriptional regulation has
been investigated by genome-wide transcriptome analyses, translational regulation has been studied by only a few
specific gene targets (e.g., Tumor necrosis factor) and the global impact of glucocorticoids on translation levels has
scarcely been studied, mainly due to its technical difficulty. Here, using ribosome profiling coupled with high-throughput
mRNA sequencing (MRNA-Seq) in which footprints of translating ribosomes can be captured, we conducted a genome-
wide transcriptional and translational analysis of the acute inflammatory or anti-inflammatory responses of RAW264
cells stimulated by lipopolysaccharide (LPS) or LPS coupled with DEX (LPS + DEX). We showed that the majority
of the differential regulation between LPS alone and LPS + DEX were predominated by translation levels rather than
transcription levels. Further analysis on the up- and down-regulated gene clusters revealed putative cis regulatory
elements exclusively enriched in the 3'-UTR of either up- or down-regulated genes induced by LPS + DEX. The results
imply an alternative to the currently recognized mechanisms of glucocorticoid-induced translational regulation in the

acute inflammatory response of RAW264 cells.
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Abbreviations:

LPS: Lipopolysaccharide; DEX: Dexamethasone; mRNA-Seq:
mRNA Sequencing; GR: Glucocorticoid Receptor; NF-kB: Nuclear
Factor kappa B; II: Interleukin; IkBa: Nuclear factor of kappa light
polypeptide gene enhancer in B-cells inhibitor alpha; Dupsl: Dual-
Specificity Mitogen-Activated Protein Kinase (MAPK) Phosphatase
1; Cxcll: Chemokine (C-X-C motif) Ligand 1; RBP: RNA Binding
Protein; miRNA: microRNA; HuR: Hu antigen R, TTP: Tristetraprolin;
ARE: Adenylate-Uridylate-Rich Elements; UTR: Untranslated Regions;
Tnf-a: Tumor necrosis factor alpha; Ribo-Seq: Ribosome Profiling;
RPF: Ribosome-Protected Fragments; CHX: Cycloheximide; RPM:
Reads per Million; nt: Nucleotides; TMM: Trimmed Mean of M; KS:
Kolmogorov-Smirnov; GO: Gene Ontology

Introduction

Glucocorticoids such as dexamethasone (DEX) are potent
inflammatory inhibitors and are used in the frontline treatments of
various inflammatory diseases. The regulatory mechanisms of DEX
or glucocorticoids have been intensively investigated and have been
revealed to function in a diverse range, including transcriptional and
post-transcriptional regulation.

At transcriptional levels, glucocorticoids bind to the glucocorticoid
receptor (GR), residing in the cytoplasm as an inactive form. This
interaction triggers the GR translocalization into the nucleus and
modulates the target gene expression [1] via physically preventing
the activation of nuclear factor kappa B (NF-kB) [2] or activating
anti-inflammatory gene expression, including interleukin (II)-10,
II-1 receptor antagonist, and nuclear factor of kappa light polypeptide
gene enhancer in B-cells inhibitor alpha (IxBa) [3]. Dual-specificity
mitogen-activated protein kinase (MAPK) phosphatase 1 (Duspl) is

also known as an activated GR-induced transcriptional suppressor.
Dupsl expression is boosted immediately after the induction of DEX
and suppresses MAPK signaling and downstream inflammatory
transcriptional events, including those of chemokine (C-X-C motif)
ligand 1 (Cxcl1), II-6, and II-8 [4,5].

Post-transcriptional regulation can also exert vital roles in the
effect of glucocorticoid-mediated immunosuppression. There are
various post-transcriptional controls, involving RNA binding protein
(RBP) and microRNA (miRNA), resulting in mRNA destabilization
and translational regulation [6]. RBP affects both directions of
mRNA stability, represented by a generally positive regulator of Hu
antigen R (HuR) and tristetraprolin (TTP) involved in the mRNA
catalytic process [6], respectively. Translational modulation has been
studied focusing on adenylate-uridylate-rich elements (ARE) in the
3’ untranslated regions (UTR) of transcripts. Tumor necrosis factor
alpha (Tnf-a), for example, has been recognized as a primary target of
translational inhibition induced by DEX [7-10]. miRNAs induce both
positive and negative effects on mRNA stability, as well as translation
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efficiency. Although miRNAs generally negatively regulate the stability
and/or translation of mRNA [6,11], translational upregulation can be
induced by miRNA by forming a micro-ribonucleoprotein complex
and targeting ARE [12,13]. Despite such critical roles of glucocorticoids
on post-transcriptional controls, including translational regulation,
the global impact of glucocorticoids on translational dynamics has not
been investigated.

It is now possible to examine the differential regulation between
transcription and translation by using a genome-wide translation
analysis by employing ribosome profiling (Ribo-Seq), a recently
developed technology [14]. In Ribo-Seq, translating ribosomes can
be stalled by the translational inhibitor cycloheximide (CHX) or flash
frozen, and ribosome-protected fragments (RPF) can be extracted,
followed by processing the RPF for next generation sequencing [14-
16]. Ribo-Seq together with a genome-wide transcriptional analysis
(mRNA-Seq) enables us to investigate the unique translational
regulation that is independent of transcriptional control.

Here, we conducted a genome-wide transcriptional and
translational analysis in an acute inflammatory model using RAW264
macrophages stimulated by LPS alone or LPS coupled with DEX
(LPS + DEX). When the differentially regulated genes between LPS
and LPS + DEX were compared, translational control predominated
the differences and the changes in transcription were minor. Motif
enrichment analysis on the up- or down-regulated genes at translation
levels suggested cis-elements were exclusively enriched in the 3'-UTR
of the differentially regulated gene clusters, suggesting that the
currently identified cis-elements may be a key to understanding the
acute translational responses as well as the complex mechanisms of the
anti-inflammatory effect of glucocorticoids.

Materials and Methods
Accession number

The raw sequenced and processed files from this article have been
deposited in the National Center for Biotechnology Information’s
Gene Expression Omnibus under the accession number GSE60930.

Cell culture

RAW264 cells (DS Pharma Biomedical, Osaka, Japan) were
cultured at 3.0 x 10° cells/mL in media (DMEM, 2 mM Glutamine, 10%
FBS, 100 units penicillin, and 100 pg streptomycin/mL) for 24 h before
harvest. The confluency of cells was confirmed to never exceed 80-90%.
Cells were stimulated by LPS (100 ng/mL) or LPS (100 ng/mL) + DEX
(10 uM) for 30 min. Before harvesting, CHX (final concentration: 100
pg/mL) was added into all the conditions (basal, LPS, and LPS + DEX).
Two independent biological replicates for both Ribo-Seq and mRNA-
Seq were prepared.

Sequence library preparation and sequencing

Sequence libraries for Ribo-Seq and mRNA-Seq were prepared as
previously described [17,18] with some modifications to the original
protocol [14,16], followed by Ion Total RNA-Seq Kit v2 (Ion Torrent,
Life Technologies, Carlsbad, CA) according to the manufacturer’s
protocols, except that reverse-transcribed ¢cDNA was gel-purified
to remove excess primer dimers. The gel region (around 63 nt) was
excised and recovered. Sequencing was conducted by the Ion PGM
Template OT2 200 Kit, Ion PGM sequencer, Ion PGM Sequencing
200 Kit v2, and Ion 318 Chip Kit v2, according to the manufacturer’s
instructions (Ion Torrent).

The alignment for RAW264 sequenced data was conducted by
the Ton Torrent server and the reads shorter than 24 nt were trimmed
off. For alignment, reference Ensembl genes were retrieved from
GRCm38 using the Biomart MartView (http://www.biomart.org/
biomart/martview) [19]. Sequenced reads were aligned to coding DNA
sequences (CDS) for quantification and to CDS with sequences 25 nt
upstream of the AUG translational start site for metagene analysis.

Sequenced read analysis

The following analyses were conducted by R and in-house R scripts
using expressed genes (> 15 Reads per Million [RPM], n = 9,620) if
not otherwise specified. To validate Ribo-Seq and mRNA-Seq, Pearson
correlations were calculated for log, RPM of each pair of biological
replicates. Metagene analysis was carried out with the ribosome counts
at a relative distance from the AUG start codon, a nucleotide site of
each gene, in which the 5’ end of the RPF was used for alignment.
Ribosome counts were normalized by dividing raw counts by the mean
counts of the 1-kb region from the start codon.

Differentially regulated genes were detected using edgeR with
Trimmed Mean of M (TMM) adjustment [20]. The selected genes
(FDR < 0.05) in each condition were used to create a heatmap, where
log,-transformed RPM ratios were hierarchically clustered by Ward's
method in each regulatory cluster. Gene ontology (GO) enrichment
analysis was also conducted by DAVID [21,22].

To characterize the stimulated gene responses to LPS or LPS +
DEX, feedback genes were retrieved from a previous study [23] and
inflammatory response genes were the genes belonging to the GO
term “inflammatory response” in Table 1. Translational efficiency
was calculated by the division of RPF RPM values by those of mRNA
and then box-plotted. The Kolmogorov-Smirnov (KS) test was used
to compare statistical differences between translation efficiencies,
i.e, inflammatory response genes in basal vs. all genes in basal,
inflammatory response genes in LPS vs. all genes in LPS, inflammatory
response genes in LPS + DEX vs. all genes in LPS + DEX, feedback
genes in basal vs. all genes in basal, feedback genes in LPS vs. all genes
in LPS, and feedback genes in LPS + DEX vs. all genes in LPS + DEX.

TOP-like motif genes include the known TOP-motif genes and
TOP-like genes defined in a previous study [24]. The translational
efficiency ratio was calculated by dividing a translational efficiency in
LPS or LPS + DEX conditions by the efficiency in the basal condition.

The putative regulatory cis-elements for the differentially regulated
gene group between LPS and LPS + DEX (FDR < 0.01) were predicted
by Multiple Em for Motif Elicitation [25] with a minimum and
maximum motif width of 6 and 8 nt, respectively. An E-value was used
to evaluate the significance of the predicted cis-elements. The two-sided
Fisher’s exact test was used to confirm the significance of occurrence
for the cis-elements in each differentially regulated gene group (FDR
< 0.01) compared with all the genes analyzed. To avoid the bias from
splicing variances, a transcript with the longest 3'-UTR was selected as
the representative of the gene throughout the prediction and evaluation
processes of cis-elements. Mature miRNA sequences were retrieved
from miRBase [26] and screened for the seed sequence (position 2 to
8 from 5’ end of miRNA) complementary to the putative cis-elements.

Results

We first evaluated the reproducibility and validity of mRNA-Seq
and Ribo-Seq in the basal, LPS, and LPS + DEX conditions (Figure
1). Both sequencings showed strong Pearson correlations between
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individual biological replicates, ranging from R?= 0.93 to 0.99 (Figure 1A).
As previous Ribo-Seq studies reported [14,16], strong peaks with a 12 nt
offset were observed at the AUG start codon throughout all the conditions
(Figure 1B). Importantly, a clear triplet periodicity was also detected in
Ribo-Seq (Figure 1B), an indication of the successful capturing of the
dynamics of translating ribosomes with high reproducibility.

To explore the acute effect of either LPS or the combination of
LPS and DEX on RAW264 cells, differentially regulated genes were
identified using edgeR. We then selected differentially regulated genes
(FDR < 0.05) either in transcription or translation levels in LPS or
LPS + DEX (Supplementary Table 1-6). Among the genes analyzed
(n = 9,621), the numbers of differentially regulated genes at the
transcriptional level were 163 (LPS-induced downregulation), 213 (LPS
+ DEX-induced downregulation), 35 (LPS -induced upregulation), and
96 (LPS + DEX-induced upregulation). The numbers of translationally
regulated genes were 184 (LPS-induced downregulation), 176 (LPS +
DEX-induced downregulation), 271 (LPS-induced upregulation), and
157 (LPS + DEX-induced upregulation). To examine the differential
regulation between transcription and translation, log-transformed
expression ratios (relative to the basal conditions) of the selected
genes were clustered and compared at transcription (mRNA) and
translation (RPF) levels (Figure 2). In the upregulated mRNA gene
group, RPF similarly increased in most of the genes under LPS and LPS
+ DEX stimulation. This was consistent with the enriched functional
similarities in the GO analysis (Tables 1 and 2). GO-terms associated
with inflammation were seen in both mRNA Up and RPF Up groups
in both LPS and LPS + DEX conditions. However, distinctions were
identified in the upregulated RPF genes, exemplified by Fus, mt-Nd5,
and mt-Col (Figure 3, Supplementary Figure 1A and 1B), in which RPF
increased without enhancing the corresponding transcript levels. Genes
related to ribosomes were highly enriched both in LPS and LPS + DEX
(RPF up) conditions, which was not seen in mRNA levels (Tables 1 and
2). The translation-dependent upregulation also exhibited differences
between LPS and LPS + DEX, represented by the upregulated genes
involved in oxidative phosphorylation, cell projection, and translation
initiation factor activity in LPS or ATPase activity in LPS + DEX (Tables 1
and 2). In downregulated genes, histone core genes were enriched in both
LPS- and LPS + DEX-induced differential expression in RPF, but not in
mRNA levels; this was due to the absence of polyA tails in these transcripts,
and the fact that we purified only polyA mRNA for mRNA-Seq.

A recent study reports that acute LPS-induced inflammation can
lead to the derepression and translational upregulation of the feedback
inhibitors of inflammation [23]. We examined the translational
dynamics of these feedback genes, as well as inflammatory response
genes categorized into a GO term, “inflammatory response”, in Table
1 (Supplementary Figures 2A and 2B). The biplots exhibited similar
upregulation in the two group genes at both mRNA and RPF levels,
suggesting a transcript-driven regulation. In both gene groups,
translation efficiency showed slightly declined efficiencies under LPS or
LPS + DEX stimulation rather than enhanced efficiency (Supplementary
Figure 3). Although the reduced efficiency is inconsistent with the
previous study, this nominal decrease can be explained by the rapidly
increased mRNA levels (see Discussion).

Previous studies reported that DEX inhibits the translation of
inflammatory genes, such as Tnf-a [7-10]. When mRNA and RPF levels
were separately observed (Figure 4), we found that Tnf-a, Cxcl2, and
Ccl4 exhibited translational downregulation, even though these mRNA
expressions were promoted or not changed in LPS + DEX compared
with LPS alone. This suggests a robust and acute translational regulation
within 30 min of DEX stimulation coupled with LPS.

To capture the effect of LPS + DEX on the global translational
landscape, we investigated the differential regulation between LPS and
LPS + DEX stimulations (Figure 5). More genes were significantly up-
or downregulated at the translation level rather than at the transcript
level. Although transcriptional regulation showed no downregulation
and only 7 upregulated genes, including Duspl, 407 genes were
significantly decreased and 291 genes were significantly increased at
the translation level under the LPS + DEX stimulation rather than LPS
alone (Figure 5A). When the regulation of transcription and translation
was compared, some genes showed similar expression patterns;
however, most of the genes exhibited distinct regulatory features, where
genes were translationally up- or downregulated without changing
the corresponding mRNA levels (Figure 5B). To further reveal the
characteristics of the genes that were exclusively translationally
regulated under the LPS + DEX stimulation or with greater extent in
LPS + DEX than in LPS alone, GO enrichments were examined (Table
3). Translationally upregulated genes were predominantly enriched
in RNA splicing, the ribosome, the cytoskeleton, ATP binding, and
the mRNA catabolic process. Translationally downregulated genes
were found in oxidative phosphorylation, the histone core, protein
localization, the ribosome, translational initiation factor, and the
immune response with lesser extent.

DEX has been recognized as a strong translational suppressor by
modulating the mTOR signaling cascade. The prevention of mTOR
activity attenuates cap-dependent translational initiation and TOP-
motif genes, represented by a T/C rich sequence in their 5'-UTR, are
highly prone to mTOR suppression [24]. Therefore, TOP-motif and
TOP-like genes can be a reasonable indicator to estimate the inhibitory
effect of DEX on mTOR-dependent translation. We analyzed the
translational efficiency ratios of TOP-like genes in LPS and LPS +
DEX conditions (Figure 6). Although the translation efficiency ratio
was higher in TOP-like genes than that in other genes, there was no
difference in the efficiencies of TOP-like genes between LPS and LPS
+ DEX. This suggests a nominal effect of DEX on mTOR-dependent
translation within 30 min of LPS + DEX treatment.

To reveal the potential elements responsible for LPS + DEX-
induced translational regulation, sequence motifs were screened,
focusing on the 3'-UTR of the differentially regulated genes (Figure
7). There were 3 sequence motifs identified, all of which presented
significant enrichment scores (Figure 7A). One of these, CCAGCCTG,
was enriched in the 3'-UTR of the downregulated gene clusters. The
other two motifs, a poly-A stretch and CCCCAGCC, were enriched
in the upregulated genes. Because we aimed to identify sequence
motifs that were responsible for LPS + DEX-induced translational
regulation, and were not involved in LPS-stimulation or transcriptional
regulation, the three identified motifs were tested for their enrichment
significance in each gene cluster, including translational up- or down-
regulation under LPS + DEX vs. LPS and LPS vs. Basal conditions, and
transcriptional up- or down-regulation under LPS vs. Basal and LPS
+ DEX vs. Basal conditions (Figure 7B, Supplementary Table 7). To
this end, we conducted two-sided Fisher’s exact tests after counting
the number of exact matches of the sequence motifs in each gene
cluster's 3'-UTR sequences. As expected, each of the motifs exhibited
significant enrichment only in the original gene cluster from which
they were identified (Figure 7B, Supplementary Table 7), supporting
that the CCAGCCTG and AAAAAAA/CCCCAGCC motifs might
exert exclusive influence on LPS + DEX-induced translational down-
and upregulation, respectively.
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Figure 1: Both mRNA-Seq and Ribo-Seq showed strong reproducibility and validity.

Expression Ratio (LPS vs. Basal)
mRNA RPF

Expression Ratio (LPS+DEX vs. Basal)
mRNA RPF

mRNA Up

mRNA Up

RPF Up RPF Up

_— mRNA Down | PR
mMRNA Down | BESSSS—— ;
RPF Down
RPF Down
Gene group
Gene group

-8 -4 o 4
Log, Expression Ratio

(A) In LPS- and (B) LPS + DEX-stimulated conditions, mRNA and RPF expression patterns are shown by clustering the genes of up- or down-regulated (FDR
< 0.05) transcripts (MRNA Up or Down) and translations (RPF Up or Down).

Figure 2: Different gene clusters exhibited distinct expression patters between mRNA and RPF profiles.
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Figure 4: DEX lowered translation of Tnf and Ccl4 independent to mRNA compared with LPS alone.

Because the 3’-UTR has been known as the target of miRNA-
triggered translational suppression, as well as mRNA degradation
or even translational upregulation [12,13], we screened miRNA that
could target the identified sequence motifs. To this end, miRNA
seed sequences (2 to 8 nt from the 5’ end of miRNA) were the focus.
Four miRNA species were detected, each of which exhibited a perfect
complementarity to one of the motifs from their 2nd seed position
to either the 7th or 8th position (Figure 7C), implying a putative
mechanism of LPS + DEX-induced translational regulation.

Discussion

In the current study, we conducted a genome-wide translational
and transcriptional analysis using an acute inflammatory model
of RAW264 cells under the stimulation of LPS or LPS coupled with
DEX. Overall, the translational dynamics were more striking than
those of transcription when LPS and LPS + DEX were compared. The
majority of differential regulation was derived from the translation
levels. LPS enhanced the translation of the genes associated with
oxidative phosphorylation and ribosomes in an mRNA-independent
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Regulation | Gene Group GO term Enrichment
Score
mRNA Up (LPS) | Toll-like receptor signaling pathway 23
MAPK aignaling pathway 2.19
Regulation of transcription factor 2.01
activity
Blood vessel development 1.91
Inflammatory response 1.64
Down (LPS) Cytoskeleton 2.78
ATPase activity, coupled to 2.35
movement of substrates
Cell-cell junction 1.83
Extracellular region 1.81
RPF Up (LPS) Ribosome 5.14
Oxidative phosphorylation 3.73
Non-membrane-bound organelle 2.66
Nuclear lumen 1.82
Cell projection 1.74
RNA polymerase 1.58
Inflammatory response 1.58
Translation initiation factor activity 1.48
Down (LPS) Histone core 3.21
Guanyl nucleotide binding 2.2
Transport 1.43
Differentially regulated genes were selected from edgeR (FDR < 0.05).

Table 1: GO analysis of the LPS-induced differentially regulated genes.

manner, which was consistent with a previous study where polysome
profiling was applied to LPS-stimulated dendritic cells [27]. This
upregulation was attenuated by DEX, suggesting that LPS-induced
acute translational upregulation can be blunted, or at least lowered, by
the acute translational regulation of DEX as early as within 30 min of
co-stimulation.

It was currently found that DEX-derived translational regulation
seems to be independent to mTOR activity. Previous studies have
reported that glucocorticoid represses mTOR signaling and the
subsequent translational initiation [10,28,29]. Given that TOP-
motif genes are highly prone to repressed mTOR signaling [24],
if a glucocorticoid-induced suppressive effect on mTOR signaling
triggered the currently observed DEX-induced translational changes,
TOP-motif genes would show a decrease in RPF levels. However, there
was no difference between the RPF levels of the TOP-motif genes under
LPS or LPS + DEX stimulation. Together with the longer stimulation
by DEX in other research [10,28,29], the current result suggests that
the 30 min of DEX stimulation is not sufficient to affect the translation
of TOP-motif genes. Although the current observation, DEX-induced
translational suppression of the genes involved in translational
initiation, agrees with the previous reports [10,29], this regulation
appears not to be associated with the attenuation of mTOR signaling.
In addition, the effect of glucocorticoids on the mTOR pathway cannot
explain the currently observed translational upregulation in LPS + DEX
when compared with LPS alone. To suggest an alternative mechanism
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Regulation Gene Group GO Term Enrichment
Score

mRNA Up (LPS + Inflammatory response 24
DEX) Negative regulation of NF-kappaB 219
Blood vessel development 2.13
MAPK aignaling pathway 1.99

mRNA catabolic process 1.7
Regulation of Translation 1.49
Toll-like receptor signaling pathway 1.38

Down (LPS + Oxidatice phosphorylation 2.1

DEX) Cytoskeleton 21
ATPase activity, coupled to 1.53

movement of substrates
RPF Up (LPS + Non-membrane-bound organelle 6.15
DEX) Ribosome 5.93
Blood vessel development 2.55
mRNA catabolic process 2.15
ATPase activity 1.96
Inflammatory response 1.91
Regulation of transcription factor 1.58
activity

Down (LPS + Histone core 5.44
DEX) Oxidative phosphorylation 2.32

Immune response 1.2

Differentially regulated genes were selected from edgeR (FDR < 0.05).
Table 2: GO analysis of the LPS + DEX-induced differentially regulated genes.

Gene Group GO Term Enrichment Score

RNA splicing 4.84
Ribosome 3.73
Cytoskeleton 3.22
ATP binding 2.22
RPF Up mRNA catabolic process 2
Oxidative phosphorylation 4.44
Histone core 2.56
Protein localization 1.81
Ribosome 1.47
Translation initiation factor activity '1.38
Immune response 1.17
RPF Down

Differentially regulated genes were selected from edgeR (FDR < 0.05).
Upregulation refers greater translation in LPS+DEX than in LPS alone.

Table 3: GO analysis of the differentially regulated genes between LPS and LPS
+ DEX.

during glucocorticoid-induced translational regulation, we carried out
cis-element screening and discovered that three motifs (CCAGCCTG,
AAAAAAA, and CCCCAGCC) were particularly enriched in the
3'-UTR regions in the differentially regulated genes between LPS
and LPS + DEX. Given that miRNA can induce rapid translational
regulation prior to the decapping or decay of mRNA [11,30], we
showed putative miRNAs whose seed sequences are complementary to
the cis-elements. Taken together, these cis-elements in the 3-UTR and
the associated miRNAs may play a role in modulating glucocorticoid-
induced rapid translational regulation.

We observed the decline in translation efficiency, which was
probably attributable to the delay in ribosomal loading on newly
exported mRNA, as previously described [23,31,32]. The inflammatory
response genes and feedback genes presented seemingly decreased
tendency in translation efficiency in LPS and LPS + DEX conditions.
However, given that RPF alone showed significant upregulation in
both conditions and that others have addressed such an issue, where

acute increases in mRNA levels could lead to a nominal decrease in
translation efficiency [23,31,32], the currently observed decrease in
translation efficiency could be due to the rapidly enhanced mRNA
levels that had just been exported from the nucleus and still had not
been loaded by ribosomes.

A related limitation of the current study is that it was not possible
to differentiate the types of translational upregulation. Specifically, the
currentapproach is not designed to decipher whether overall translation
of a gene increases because the number of loaded ribosomes increases
(denser polysomes) or it decreases the unloaded “empty” mRNA (more
monosome or disome). We failed to detect the previously discovered
regulation that LPS could induce the derepression of inflammatory
genes (i.e., shift from monosomes or disomes to heavier polysomes)
[23]. Despite the drawback, Ribo-Seq is robust against the unwanted
bias coming from RNA-binding proteins or ribosomes attached to 5°-
UTR, which may not be incorporated in translation but are likely to
adversely affect the accuracy of polysome profiling [14,33]. Therefore,
we took advantage of Ribo-Seq to more accurately measure the
ribosomal dynamics at a sub-codon resolution.

Using the advantages of Ribo-Seq, we analyzed the different
translational regulation between LPS + DEX and LPS alone using an
acute inflammatory model of RAW264 cells. Our results suggest that
alternative regulatory mechanisms, involving cis-elements specifically
enriched in up- or downregulated genes as well as the predicted miRNA
species, may modulate the acute translational dynamics induced by
glucocorticoids when coupled with LPS stimulation.
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